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simultaneously.	The	set-up	used	 is	of	 the	Betrand-lens-after-image-plane	 type	described	by	Kurvits	et	al.114.	The	 set-up	 for	
measuring	angle-resolved	reflection	spectra	was	the	same,	except	the	sample	was	illuminated	using	the	50X,	0.8	numerical	
aperture	objective,	so	that	the	this	one	objective	was	used	for	both	illumination	and	collection	of	reflected	light.	For	fluorescence	
spectra,	 the	 reflection	 set-up	was	 used,	 and	 the	 same	was	 excited	 by	 a	 laser	 beam	 through	 the	 50x	 0.8	NA	 objective.	 For	
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Al	 12.04	 103	 146	 178	 206	
Cu	 8.76	 142	 200	 245	 283	
Ag	 9.04	 137	 194	 238	 274	






































































































































































































































































































































































































































































































Figure	4.4.	Angle-integrated	 fluorescence	spectra	of	400	mM	donor	(P580)	 in	PMMA	on	various	SLR-supporting	 lattices.	
These	spectra	 indicate	 that,	 in	 the	absence	of	 the	acceptor	dye,	 the	enhancement	of	donor	dye	emission	due	 to	 the	SLR-
supporting	lattices	is	primarily	based	on	nanoparticle	density.	Denser	arrays	produce	more	intense	emission,	irrespective	of	























































































‡	 NA‡	 0.45	 79%	
𝑎	=	253	nm	 462	 6.68	 10.7	 0.63	 73%	
𝑎	=	304	nm	 502	 6.94	 11.4	 0.61	 73%	
𝑎	=	355	nm	 551	 10.3	 1.91	 5.4	 24%	
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800	 319	 308	 3.37	%	 0.707	 0.404	 99.4%	
400	 577	 440	 23.7	%	 0.890	 0.733	 97.6%	
100	 1260	 358	 71.5	%	 1.41	 1.65	 71.5%	





































substrate	 0.164	 0.460	 0.099	 0.361	 0.45	 69	%	 79	%	
𝑎	=	253	nm	 6.68	 14.7	 4.05	 10.7	 0.63	 61	%	 73	%	
𝑎	=	304	nm	 6.94	 15.6	 4.20	 11.4	 0.61	 62	%	 73	%	
𝑎	=	355	nm	 10.3	 8.15	 6.24	 1.91	 5.4	 16	%	 24	%	














substrate	 79	%	 NA	 0.27	 1.0	
𝑎	=	253	nm	 73	%	 −3.3	%	 0.31	 1.2	
𝑎	=	304	nm	 73	%	 −4.4	%	 0.33	 1.2	
𝑎	=	355	nm	 24	%	 −58	%	 2.0	 7.5	




















substrate	 0.164	 0.361	 0.45	
3.62	 	 	
𝑎	=	253	nm	 6.68	 10.7	 0.63	 3.62	 -9.76	 -16.27	
𝑎	=	304	nm	 6.94	 11.4	 0.61	 3.36	 -9.67	 -16.12	
𝑎	=	355	nm	 10.3	 1.91	 5.4	 0.00	 0.00	 0.00	
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	 (i)	Dehydrate	chip	surface	 bake	90	s	at	180	°C		 	
	 (ii)	Apply	first	PMMA	
layer,	495	kDa	average	
molecular	weight,	200	-	
250	nm	thick	
coat	chip	in	495	PMMA	A4,	spin	4000	rpm	for	52	s	(or	longer),	
acceleration	0-500	rpm	at	100	rpm/s,	then	up	to	4000	rpm	at	
500	rpm/s.	After	spinning,	bake	chip	at	180	°C	for	90	s	to	
remove	solvent	(anisole).	
	
	 (iii)	Apply	second	PMMA	
layer,	950	kDa	average	
molecular	weight,	~50	nm	
thick	
Repeat	previous	spin	and	bake	procedure,	except	use	950	
PMMA	A2	instead	of	495	PMMA	A4	
	
6	 EBL	exposure	 100	kV,	20	nA	e-beam	
1500	uC/cm2	area	dose	
exposed	60	nm	dia.	circles	to	obtain	80	nm	dia.	cylinders	(that	
is,	the	exposed	area	was	somewhat	smaller	than	the	final	
diameter	of	the	nanocylinders).	
Elionix	ELS-
G100	
7	 Development	 Developer	solution	is	3:1	volume	mixture	of	water	and	
isopropanol,	chilled	to	about	4	°C		
1.	immerse	chip	and	swirl	manually	for	1	min	
2.	sonicate	1	min	
3.	swirl	manually	1	min	
4.	sonicate	90	s	
5.	remove	and	dry	with	N2	
	
8	 1st	Cr	wet	etch	 Immerse	in	Transene	Cr	etchant	1020	(aqueous	ceric	
ammonium	nitrate),	manually	swirl	for	60	s	at	RT.	This	
removes	entire	Cr	sacrificial	layer	in	about	200	nm	diameter	
region	under	each	hole	in	the	PMMA.	The	removal	of	Cr	under	
the	holes	was	confirmed	by	SEM	later	
	
9	 O2	plasma	descum	 Ensures	good	deposition	and	adhesion	of	deposited	particles	to	
substrate	by	cleaning	and	dehydrating	of	glass	surface	at	
bottom	of	the	wells	in	the	PMMA,	must	be	done	immediately	
before	loading	chip	in	vacuum	chamber	for	EBE	
30	s,	200	sccm	O2,	~300	mTorr,	200	W	RF	power	
PVA	TePla	IoN	
40	
10	 Au	deposition	by	EBE	
with	Ti	adhesion	layer	
electron	beam	7.8	kV,	up	to	100	mA	
Metals	in	graphite	crucibles	
Deposit	2	nm	Ti	at	0.5	Å/s,	then	50	nm	Au	at	1.5-2.0	Å/s	
AJA	Orion	8E	
evaporator	
system	
11	 Lift-off	 1.	Soak	15	min	in	warm	acetone,	swirl	occasionally.	
2.	Spray	with	acetone	stream	while	submerged	(syringe	or	
rinse	bottle	of	acetone)—this	removes	most	of	the	Au/Ti	film.	
3.	While	rinsing	continuously	with	stream	of	fresh	acetone,	
transfer	to	new	dish.	
4.	Soak	in	warm	acetone	again	15	min.	
5.	Sonicate	2	min.	
6.	Rinse	with	clean	acetone,	remove,	rinse	more,	then	MeOH,	
then	IPA,	then	N2	dry.	
	
12	 2nd	Cr	etch	 Immerse	in	Transene	Cr	etchant	1020	(aqueous	ceric	
ammonium	nitrate),	manually	swirl	for	90	s	at	RT.	
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Appendix	C.	Fabrication	and	Lattice	Modes	in	GaAs,	GaP,	and	
ZnSe	Nanocylinder	Lattices,	and	Nanocylinder	Lattices	of	the	
Negative-Tone	EBL-Resist,	ma-N	2403,	on	an	Ag	Film.	
	
In	the	course	of	investigating	surface-enhanced	Raman	scattering	(SERS)	on	semiconductor	
substrates	in	collaboration	with	the	Lombardi	group,	several	lattices	of	nanopillars	of	GaP,	GaAs,	
and	ZnSe	were	fabricated.	As	with	the	plasmonic	substrates,	these	were	made	using	EBL/metal	
deposition	by	EBE/lift-off	to	produce	a	lattice	of	Ni	disks,	20-50	nm	thick,	on	a	polished,	atomically	
flat	GaAs,	GaP,	or	ZnSe	substrate.	Then,	these	substrates	were	etched	anisotropically	using	
inductively	coupled	plasma	reactive	ion	etching	(ICP-RIE).	For	GaAs	and	GaP,	Cl-based	ICP-RIE	
methods	that	used	Cl2	and	BCl3	gases	as	well	as	Ar	to	produce	reactive	ions	worked	very	well,	
producing	etch	rates	between	500	and	2000	nm	per	minute	for	GaAs,	and	around	1000	nm	per	
minute	for	GaP.	This	efficacy	is	likely	due	to	the	fact	that	Ga	forms	a	volatile	molecular	compound	in	
combination	with	Cl,	Ga2Cl6,	which	is	a	volatile	liquid	at	room	temperature.	Meanwhile,	P	and	As	can	
also	combine	with	Cl	to	produce	volatile	compounds	as	well	(PCl3	and	AsCl3).	Thus,	GaAs	and	GaP	
etch	quickly	and	cleanly	with	Cl-based	RIE,	since	all	of	the	products	of	reactions	between	the	
etchant	gases,	their	ions,	and	the	substrate	produce	volatile	compounds	that	are	swept	away	in	the	
flow	of	gases	through	the	vacuum	chamber	in	which	the	etching	occurs.	Conveniently,	the	metal	
used	to	mask	the	GaP	and	GaAs,	Ni,	appeared	totally	immune	to	RIE	by	Cl2	and	BCl3,	and	was	not	
affected	by	Ar	either,	such	that	even	50	nm-thick	Ni	disks	could	produce	pillars	up	to	1	um	tall	
without	being	etched	away.	However,	removing	the	Ni	metal	was	not	possible	in	some	example,	
perhaps	due	to	the	formation	of	nickel	borides,	e.	g.	NiB,	when	BCl3	was	used	as	an	etch	gas.	
Otherwise,	the	Ni	disks	capping	the	pillars	should	be	removable	using	the	standard	Ni	wet	etchant	
solution	from	Transene,	in	which	the	GaAs	and	GaP	chips	were	immersed	after	ICP-RIE.	This	
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etchant	is	aqueous	nitric	acid	with	a	perfluoroalkyl	sulfonate	surfactant.	It	was	not	observed	to	
have	any	effect	on	the	GaP	or	GaAs,	which	is	good,	but	unfortunately	for	some	of	the	GaP	chips,	the	
Ni	disks	could	not	be	removed,	even	though	the	etchant	worked	as	expected	on	Ni	films	that	had	not	
been	exposed	to	the	ICP-RIE	conditions.	Therefore,	the	formation	of	NiB	or	other	Ni-B-Cl	
compounds	might	be	part	of	the	problem,	especially	since	nickel	borides	are	known	to	be	hard,	
inert,	refractory	materials.	Using	Cl2	only	in	place	of	Cl2	and	BCl3	might	be	required,	or	the	
replacement	of	Ni	with	a	different	type	of	mask.	In	fact,	ma-N	would	likely	work	well	as	a	masking	
materials	for	these	compounds,	and	since	it	is	organic,	it	could	be	removed	by	O2	plasma	ashing,	
which	is	not	expected	to	affect	the	GaP	or	GaAs	nanopillars	since	these	materials	usually	only	
oxidize	at	their	immediate	surface	with	the	atmosphere.	
	
By	contrast,	ZnSe	etched	very	slowly,	less	than	100	nm	per	minute,	in	BCl3,	and	Cl2	mixtures,	even	
when	these	were	supplemented	with	Ar	gas	to	produce	Ar	cations	for	physical	milling	in	addition	to	
the	chemical	etching	provided	by	the	BCl3	and	Cl2	ions	and	molecules.	This	is	likely	due	to	the	fact	
that	ZnCl2	is	a	ionic	solid,	and	is	non-volatile,	unlike	the	chloride	of	Ga,	which	forms	dimeric	
molecules,	Ga2Cl6,	with	a	relatively	low	melting	and	boiling	point	(77.9	°C	and	201	°C,	respectively.	
Besides	etching	very	slowly,	the	ZnSe	substrate	was	greatly	roughened	by	etching,	likely	due	to	the	
“micro-masking”	effect	of	the	ZnCl2	formed	by	initial	etching	of	ZnCl2.		
	
ICP-RIE	using	a	mixture	of	H2	and	CH4	is	also	known	to	work	for	etching	ZnSe,	likely	through	the	
production	of	volatile	dimethyl	zinc,	Zn(CH3)2,	which	is	a	liquid	above	-42	°C	and	boils	at	46	°C.	And	
this	mixture	did	seem	to	etch	ZnSe,	but	it	etched	the	Ni	hard	mask	as	fast	or	faster	than	the	ZnSe,	
ultimately	producing	a	smooth	surface	of	ZnSe	where	a	lattice	of	Ni	disks	had	previously	been,	on	
one	sample.	Therefore,	Ni	hard	masks	should	be	replaced	with	a	different	material,	one	that	will	not	
be	rapidly	etched	by	H2/CH4	mixtures.	For	this	purpose,	the	negative-tone	organic	EBL	resist,	ma-N	
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2403,	or	other	resist	in	the	ma-N	2400	series,	are	good	candidates,	so	long	as	the	ZnSe	pillars	will	
not	be	harmed	by	the	O2	plasma	asher	process	that	will	be	required	to	remove	the	ma-N	after	ICP-
RIE	is	done	to	form	the	ZnSe	pillars.	I	suspect	that	ZnSe	nanostructures	might	be	sensitive	to	
oxidation,	as	Ag	and	Cu	metal	nanostructures	and	thin	films	are,	in	which	case	the	ZnSe	pillars	will	
be	altered	chemically	by	the	O2	plasma	asher	process.	In	that	case,	a	different	organic	EBL	resist	can	
be	used,	such	as	polystyrene,	or	PMMA,	and	these	might	be	easier	to	remove	using	organic	solvents	
like	acetone,	dichloromethane,	N-methyl-2-pyrrolidone,	and	toluene.	However,	all	of	these	
protocols	remain	to	be	tested.	Note	also	that	thee	Ni	etchant	used	to	remove	the	Ni	after	appears	to	
react	with	the	ZnSe	surface.	After	30	s	of	immersion	in	the	dilute	nitric	acid	solution,	ZnSe	turns	
from	orange	to	deep	red	in	color,	and	the	surface	is	roughened	visibly.	This	could	be	due	to	
oxidation	of	the	surface	or	solutions	of	the	surface	or	both,	and	also	due	to	a	change	in	the	
stoichiometry	at	the	surface.	Se2−	+	2H+	à	H2Se	(gas),	and	Zn2+	+2(NO3)	à	Zn(NO3)2	water	soluble	
salt.	Also,	since	one	allotrope	of	elemental	Se	is	red,	it	is	possible	that	the	nitric	acid	solution	
oxidizes	the	Se2−		in	ZnSe	to	make	elemental	Se	on	the	surface.	However	this	is	just	speculation,	and	
was	not	confirmed	experimentally.	Regardless,	ZnSe	should	not	be	exposed	to	any	mineral	acids	to	
avoid	these	effects.	
	
The	details	of	these	ICP-RIE	protocols	are	found	below.	Then,	SEM	and	optical	microscope	images	of	
GaAs	and	GaP	nanopillar	lattices	are	shown,	along	with	angle-resolved	reflection	spectra	of	these	
lattices,	showing	that	at	least	the	GaP	lattices	support	angle-dependent	modes	similar	to	RAs	and	
SLRs	in	the	visible	range.	Finally,	Images	and	experimental	details	of	the	fabrication	of	nanocylinder	
lattices	of	ma-N	2403	(organic	negative-tone	EBL	resist)	on	a	100-nm	thick	Ag	film	on	a	glass	
substrate	are	shown.	These	lattices	also	showed	interesting	color	variation	in	optical	microscope	
images,	and	the	exactness	of	the	shape	of	the	ma-N	2403	nanocylinders	visible	on	Sem	is	
remarkable.	
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The	colors	of	the	ZnSe	lattices	observed	indicate	that	the	lattices	of	thin	disks	do	appear	to	have	
distinct	resonances	leading	to	light	scattering	at	visible	wavelengths.	However	it	is	not	clear	if	these	
resonances	are	due	to	residual	Ni	metal	or	to	the	ZnSe	disks	themselves.	Again,	future	work	with	
ZnSe	nanocylinder	lattices	might	be	better	fulfilled	using	an	organic	material	to	mask	the	ZnSe	for	
H2/CH4-based	ICP-RIE,	after	which	the	organic	mask	material	remaining	could	be	removed	with	
organic	solvents,	O2	plasma	ashing,	or	UV-ozone	treatment,	or	a	combination	of	these.	
	
There	are	two	standard	ASRC	recipes	in	the	ICP-RIE	instrument	in	the	cleanroom,	one	in	which	the	
plasma	is	generated	from	BCl3	and	Cl2	and	another	in	which	the	plasma	is	generated	from	BCl3,	Cl2,	
and	Ar.	The	settings	for	these	processes	are	identical	except	for	the	flow	rates	of	gases	constituting	
the	plasma	and	the	set	maximum	flow	rate	for	the	He	backing.	
	
There	are	two	standard	ASRC	recipes	in	the	ICP-RIE	instrument	in	the	cleanroom,	one	in	which	the	
plasma	is	generated	from	BCl3	and	Cl2	and	another	in	which	the	plasma	is	generated	from	BCl3,	Cl2,	
and	Ar.	The	settings	for	these	processes	are	identical	except	for	the	flow	rates	of	gases	constituting	
the	plasma	and	the	set	maximum	flow	rate	for	the	He	backing.	
	
The	parameters	for	step	3,	the	substrate	etch	step,	are	different	for	each	process	[process	=	recipe].	
Initially	these	two	processes,	Recipe	1	and	2,	were	investigated	to	determine	their	etch	rate	on	
GaAs.	The	processes	and	etch	rates	found	are	listed	below.	However,	these	processes	were	not	
used.	Instead,	Recipe	3	was	used	for	fabricating	lattices	on	two	GaP	substrates	and	two	GaAs	
substrates,	while	lattices	of	conical	nanopillars	on	a	third	GaAs	substrate	were	fabricated	using	
recipe	4.	
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Cl-based	ICP-RIE	Recipe	1:	“GaAs	etch	BCl3/Cl2	ASRC”	
• Gases	
o BCl3,	5.0	sccm	
o Cl2,	14.0	sccm	
• Chamber	pressure:	10	mTorr	
• Substrate	temperature:	20	°C	
• GaAs	etch	rate:	1660	nm/min	
	
Cl-based	ICP-RIE	Recipe	2:	“GaAs	etch	BCl3/Cl2/Ar	ASRC”	
• Gases	
o BCl3,	18.0	sccm	
o Cl2,	10.0	sccm	
o Ar:	20.0	sccm	
• Chamber	pressure:	10	mTorr	
• Substrate	temperature:	20	°C	
• GaAs	etch	rate:	530	nm/min	
	
Cl-based	ICP-RIE	Recipe	3:	GaP	etch	recipe	recommended	by	Oxford	
• Gases	
o Cl2,	24.0	sccm	
o Ar,	45.0	sccm	
• RF	power	(table	bias):	300	W	
• ICP	power:	700	W	
• Chamber	pressure:	7	mTorr	
• Temperature:	30	°C	
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• Etch	rate	for	GaP:	1100	nm/min	
	
Cl-based	ICP-RIE	Recipe	4:	“GaAs	etch	BCl3/Ar	ROB	C”	
This	was	designed	based	on	information	in	this	reference219	(Yang	&	Bandaru,	2007219).	It	gives	a	
slower	etch	rate	than	recipe	2,	and	also	gives	a	more	conical	shape	to	the	pillars,	such	that	they	
become	wider	at	the	base.	This	is	likely	due	to	the	“shadowing”	effect	of	the	pillars,	in	which	ions	
are	partially	blocked	from	reaching	the	substrate	surface	in	the	immediate	vicinity	of	a	feature	
protruding	from	the	surface.	
• Gases	
o BCl3,	20.0	sccm	
o Ar,	20.0	sccm	
• RF	power	(table	bias):	300	W	
• ICP	power:	500	W	
• Chamber	pressure:	10	mTorr	
• Substrate	temperature:	20	°C	
• Etch	Rate	for	GaAs:	200	nm/min	
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Figure	C.1	Process	for	fabrication	of	nanocylinder	lattices	by	etching	of	a	bulk	substrate.	This	process	includes	an	EBL/metal	
deposition/lift-off	process	with	PMMA	(single-layer	PMMA,	since	the	metal	hard	mask	disks	were	≤	50	nm	tall)	at	the	
electron-beam	resist.	Instead	of	Au,	Al,	or	Ag,	the	lattices	of	Ni	metal	were	fabricated	on	GaAs,	GaP,	and	ZnSe	substrates.	Then	
the	chips	with	Ni	lattices	were	etched	anisotropically	using	ICP-RIE	to	produce	lattices	of	Ni-capped	GaAs,	GaP,	or	ZnSe	
nanopillars,	up	~	1	um	tall.	The	Ni	disks	were	then	removed	using	dilute	nitric	acid	in	aqueous	solution	with	a	perfluoroalkyl	
sulfonate	surfactant	(Transene	Ni	etchant	solution).	However,	in	some	cases	this	treatment	did	not	remove	the	Ni	disks,	
apparently	due	to	the	formation	of	nickel	borides	during	ICP-RIE	with	BCl3	as	one	of	the	reactive	gases.	Furthermore,	the	Ni	
etchant	was	found	to	react	with	ZnSe.	Suggestions	for	improved	processes	for	ZnSe	nanopillar	lattice	fabrication	are	given	in	
text.	
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Figure	C.2.	SEM	images	of	GaP	nanopillar	lattices	etched	using	Cl-based	ICP-RIE	Recipe	3,	described	in	the	text	above,	
from	a	single-crystal	substrate	on	the	[111]	surface.	These	beautiful	pillar	lattices	are	all	roughly	200	nm	diameter	pillars	
with	various	lattice	constants	as	shown	in	orange	text	on	each	of	the	SEM	images.	As	can	be	seen,	the	pillars	obtained	are	
quite	tall	(900	nm)	after	only	a	50	s	etch.	
	
Figure	C.3.	Angle-resolved	reflection	spectra	of	the	GaP	nanocylinder	lattices	from	the	same	chip	for	which	some	lattices	are	
shown	in	SEM	images	in	Figure	C.2.	The	reflectance	values,	ranging	between	0	and	2,	are	of	the	GaP	nanocylinder	lattices	
compared	to	the	flat	GaP	substrate	surface	where	no	pillars	were	present.	These	lattices	clearly	show	optical	lattice	
resonances,	as	indicated	by	the	linear/triangular	features.	Better	optimization	of	the	reflectance	spectroscopy	set-up,	
including	the	use	of	a	Ag	mirror	as	the	background	instead	of	the	flat	GaP	surface,	would	have	likely	shown	much	more	
interesting	results.	It	appears	that	there	are	absorbing	features	between	2.3	eV	(540	nm)	and	2.7	eV	(460	nm)which	might	
correspond	to	absorption	of	light	due	to	exciton	modes	and	the	indirect	and	direct	band	gaps	of	zinc	blende	GaP.	The	image	
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at	right	is	a	dark-field	optical	microscope	image,	5x	magnification,	showing	some	of	the	20	um	x	20	um	lattices	of	GaP	
nanopillars.	The	abrupt	edge	of	the	substrate	separating	these	lattices	from	the	others	happened	when	the	chip	was	dropped.	
	
Figure	C.4.	Lattices	of	nanopillars	of	GaAs	produced	from	etching	the	[111]	face	of	a	single-crystal	GaAs	substrate.	The	four	
upper	SEM	images,	and	the	bottom	left	image	were	all	collected	from	lattices	etched	with	Cl-based	ICP-RIE	Recipe	4,	which	
produced	conical	pillars	that	grow	wider	as	the	etch	proceeds.	In	contrast,	the	pillar	in	the	lower	right	SEM	image	were	
etched	using	Cl-based	ICP-RIE	Recipe	3,	which	was	the	same	recipe	used	to	produce	nanopillar	lattices	in	GaP.	These	pillars	
	127	
are	more	cylindrical	than	conical,	as	were	the	GaP	nanopillar	produced	via	the	same	method.	The	reasons	for	this	difference	
are	not	clear,	generally	chemical	etching	is	less	subject	to	shadowing	effects	that	physical	ablation	of	material	with	Ar	ions.	
Therefore,	Recipe	3	seems	to	result	in	more	chemical	etching	than	Recipe	4.	
	
Figure	C.5.	Optical	lattice	resonance	of	a	GaAs	nanopillar	lattice.	An	attempt	to	make	dimeric	nanocylinders—pairs	of	
nanocylinders	in	a	lattice—inadvertently	produced	peanut	or	dumbbell	shaped	nanopillars	instead.	These	were	etched	using	
Cl-based	ICP-RIE	Recipe	4,	which	accounts	for	how	the	pillars	become	wider	at	the	base.	Though	it	is	faint,	this	lattice,	with	
spacing	=	600	nm,	and	pillar	diameters	of	400	x	200	nm,	did	produce	an	optical	lattice	resonance	(Rayleigh	anomaly?)	as	
revealed	on	the	angle-resolved	reflection	spectrum	on	the	left.	The	reflectance	values	shown	are	reflectance	from	the	lattice	
relative	to	the	flat	GaAs	substrate	surface.	
	
	
	
	
	
	
	128	
	
Figure	C.6.	Lattice	of	nanodisks	etched	into	a	polycrystalline	ZnSe	substrate	by	ICP-RIE	with	H2	and	CH4.	Three	optical	
microscope	images	(orange/yellow	images	with	colored	squares	indicating	the	20	um	x	20	um	lattices)	of	different	lattices	
are	shown,	one	10x	and	two	20x.	In	each	microscope	image,	the	numbers	below	each	lattice	indicate	the	disk	diameter,	and	
the	numbers	to	the	right	of	each	row	of	lattices	indicates	the	lattice	constant	for	that	row	of	lattices.	The	SEM	(gray	scale)		
images	show	a	few	different	lattices.	The	image	at	bottom	right	shows	the	ZnSe	nanodisk	lattice	is	partially	covered	with	
what	appears	to	be	carbon	deposited	during	the	H2/CH4	ICP-RIE	etch	process,	which	is	a	known	hazard	of	using	CH4	in	ICP-
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RIE.	This	effect	can	be	mitigated	by	intermittently	stopping	the	H2/CH4	etching	and	etching	briefly	with	O2	gas.	O2	is	not	
expected	to	strongly	etch	ZnSe,	but	it	will	rapidly	decompose	carbon	and	organic	residues	to	allow	H2/CH4-etching	of	the	
ZnSe	to	continue.	Future	work	should	bear	in	mind	that	option	during	ZnSe	etch	optimization.	
	
Figure	C.7.	ma-N	2403	nanocylinders	on	Ag	flat	film.	The	fine	lattice	of	ma-N	2403	nanocylinders	shown	in	the	SEM	in	the	
lower	right	image	shows	how	exact	the	shape	of	the	nanocylinders	obtained	can	be.	These	nanopillars	were	roughly	200	nm	
diameter	with	a	700	nm	lattice	constant.	In	order	to	obtain	these	structed	on	the	Ag	film,	the	development	procedure	
recommended	by	the	supplier	was	altered	in	the	following	ways:	(1)	the	development	time	was	doubled	(30	s	instead	of	15	s).	
Overdevelopment	didn’t	seem	to	be	a	problem	after	exposure	by	100	kV	e-beam,	at	400	uC/cm2.	(2)	The	sample	was	not	
heated	after	development,	even	though	the	protocol	from	the	supplier	of	ma-N	2403	strongly	recommends	this.	In	other	
samples,	when	the	chip	was	heated,	the	nanocylinders	melted	to	produce	a	continuous	puddle	with	no	discernible	structures.	
This	melting	effect	is	likely	due	to	the	fact	that	Ag	is	an	excellent	conductor	of	heat,	and	perhaps	heated	the	ma-N	more	
strongly	than	a	typical	SiO2-coated	substrate	would	have.	
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